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EXECUTIVE  SUMMARY 


During  the  past  few  years,  studies  by  the  Federal  Aviation  Administration 
(FAA)  and  other  government  agencies  have  shown  that  the  hazards  from 
aircraft  crash  fires  might  be  significantly  decreased  if  an  antimisting 
kerosene  (AMK)  fuel  could  be  utilized.  The  addition  of  polymeric  additive 
at  low  concentrations  to  jet  fuels  is  known  to  suppress  mist  formation  and 
ignition  of  the  fuels  under  circumstances  often  encou^ered  in  survivable 
aircraft  crash  landings.  An  antimisting  additive,  has  been  developed 
by  Imperial  Chemical  Industries  (ICI)  and  is  available  under  the  trade  name 
AVGARD.  This  material  when  dissolved  in  Jet  fuels  imparts  a  strong  time- 
dependent  threshold  type  shear-thickening  behavior.  In  case  of  fuel 
spillage  from  a  ruptured  fuel  tank  during  an  aircraft  crash,  the  fuel 
misting  is  prevented.  Simulated  aircraft  crash  landing  fuel  spillage  tests 
have  indicated  that  fuel  misting  can  be  sufficiently  suppressed,  and  the 
ignition  and  the  subsequent  fireball  formation  can  be  greatly  reduced  or 
el iminated. 

However,  this  desirable  shear-thickening  effect  of  AMK  which  reduces  the 
postcrash  aircraft  fires  may  influence  the  operation  of  some  of  the  aircraft 
components,  viz.,  the  jet  pump  which  is  the  subject  of  this  report.  The 
effects  on  performance  of  partial  degradation  of  the  motive  flow  by  a  boost 
pump  and  AMK  fuel  temperature  are  documented.  Tests  were  performed  to 
determine  the  influence  of  AMK  fuel  on  jet  pump  priming.  Water  ingestion 
tests  were  also  made  to  determine  the  effect  of  precipitate  formation  on  the 
performance  of  the  pump  and  on  AMK  fire  protect i-on.  Surface  pressure 
measurements  and  flow  visualization  were  used  to  determine  the  effect  of  AMK 
fuel  on  the  flow  processes  inside  the  jet  pumps.  Based  on  these  results, 
hardware  modifications  to  improve  the  performance  of  jet  pumps  were  made. 


The  main  results  of  this  investigation  are; 

1.  Jet  pump  performance  with  undergraded  AMK  is  significantly  reduced 
compared  to  Jet  A  performance.  The  reduction  with  AMK  was  as  much  as  50 
percent  as  compared  to  Jet  A  performance, 

2.  Partial  degradation  of  the  motive  flow  by  a  boost  pump  results  in  an 
improved  performance. 

3.  The  performance  of  jet  pumps  with  AMK  at  low  temperature  is  improved 
compared  with  that  at  room  temperature, 

4.  The  suppression  of  turbulent  mixing  by  AMK  is  shown  to  be  the  cause  of 
reduced  performance. 

5.  Hardware  modification  to  the  mixing  chamber  showed  improvement  in  jet 
pump  performance.  This  improvement  results  from  increased  interaction  of 
primary  jet  with  secondary  flow  in  the  mixing  chamber.  However,  optimi¬ 
zation  of  the  hardware  changes  were  not  made  during  the  course  of  this 
investigation. 


INTRODUCTION 


This  report  presents  the  results  of  an  Investigation  on  the  compatibility  of 
antimisting  kerosene  (AMK)  with  jet  pumps  used  in  aircraft  fuel  systems. 
The  development  of  antimi sting  kerosene  to  prevent  postcrash  fires  of 
aircraft  has  been  pursued  ^  a  number  of  years.  In  its  current  stage  of 
development,  a  polymer  (FH9^  manufactured  by  Imperial  Chemical  Industries) 
and  carrier  fluids  are  added  to  Jet  A.  The  non-Newtonian  character  of  this 
AMK  fuel  influences  the  performance  of  the  low  pressure  fuel  system  com¬ 
ponents.  Two  requirements  that  need  to  be  satisfied  are:  performance  of 
the  various  components  with  AMK  must  be  comparable  to  that  found  with  Jet  A 
fuel,  and  AMK  in  the  tank  must  retain  its  fire  protection  capability 
throughout  the  length  of  the  flight.  Jet  pumps  are  extensively  used  in  the 
low  pressure  fuel  system  for  scavenging  and  fuel  transfer  operations 
(reference  1).  Initial  tests,  however,  showed  that  jet  pumps  have  signi¬ 
ficant  performance  loss  with  AMK  fuel  (references  2  and  3)  at  ambient 
temperat'-re.  Research  at  JPL  was  undertaken  to  determine  the  mechanism 
responsible  for  this  loss  of  performance  which  will  lead  to  design  modifi¬ 
cations  for  acceptable  jet  pump  performance  with  AMK.  Furthermore,  how  low 
temperature  influences  jet  pump  performance  was  another  goal  of  this 
research  effort. 

A  typical  jet  pump  designed  for  aircraft  fuel  system  operation  is  shown  in 
figure  1.  The  pumping  action  in  the  induced  flow  line  results  from  tur¬ 
bulent  mixing  of  the  induced  flow  with  the  high-speed  motive  flow  and 
subsequent  diffusion  of  tha  mixed  flow  in  the  divergent  portion  of  the  pump. 
Mixing  between  the  motive  and  induced  flows  within  the  constant  area  section 
of  the  pump  directly  Influences  the  pressure  recovery  in  this  section  and 
results  in  an  improved  performance  of  the  diffuser.  Typical  jet  pumps  used 
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FIGURE  1.  JET  PUMP  SCHEMATIC 
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in  aircraft  fuel  systems  are  designed  with  a  mass  flow  ratio  of  3  (induced 
flow  divided  by  motive  flow)  and  have  maximum  suction  pressure  in  the  range 
of  5  to  10  psi.  Depending  on  the  specific  application,  jet  pumps  can 
encounter  priming  problems.  Priming  refers  to  the  ability  of  the  pump  to 
initiate  operation  when  the  induced  flow  line  is  filled  with  air. 
Self -priming  pumps  are  available.  They  have  a  reduced  efficiency  compared 
to  the  conventional  pumps. 

The  reported  reduced  performance  of  jet  pumps  with  AMK  (references  2, 3, 4, 5) 
is  believed  to  be  the  result  of  reduced  mixing  in  the  pump.  Previous  tests 
reported  in  references  2,3,4, 5  have  also  shown  partial  degradation  of  the 
AMK  delivered  by  the  pump.  The  configurations  used  in  these  tests  were 
typical  of  aircraft  fuel  systems.  It  is  therefore  difficult  to  isolate  the 
contribution  of  the  jet  pump  to  the  degradation  of  AMK.  Furthermore,  the 
effect  of  AMK  on  priming,  and  the  performance  of  jet  pumps  with  AMK  at  low 
temperature  were  investigated. 

In  some  fuel  system  tests  with  AMK,  the  performance  of  jet  pumps  was  below 
acceptable  levels.  In  these  cases,  because  the  water  scavenge/fuel  transfer 
functions  are  effected,  an  improvement  of  the  jet  pump  performance  with  AMK 
may  be  required  or  full  management  design/operational  requirements  re¬ 
evaluated.  The  jet  pump  fuel  transfer  operation  is  the  most  critical  issue 
with  the  use  of  AMK.  If  fuel  transfer  efficiency  deteriorates,  the  fuel 
feed  system  could  be  effected.  However,  the  reduction  of  water  scavenge 
pump  efficiency  will  not  have  an  effect  on  engine  feed  (reference  5),  while 
the  requirement  for  continuous  water  scavenge  with  AMK  may  be  eliminated 
because  at  the  fuel's  high  affinity  for  dissolved  water  (reference  6).  It 
should  also  be  noted  that  some  aircraft  manufacturers  do  not  use  jet  pumps 
for  fuel  transfer  (reference  5).  The  following  strategies  are  apparent.  On 
one  hand,  techniques  to  improve  the  efficiency  of  jet  pumps  with  AMK  need  to 
be  identified.  On  the  other,  the  use  of  larger  capacity  jet  pumps  designed 
to  operate  with  Jet  A  can  eliminate  the  problem  at  a  reduced  efficiency  of 
the  overall  system.  In  this  case,  until  a  suitable  data  base  becomes 
available,  basic  scaling  parameters  need  to  be  used  in  order  to  dimension 
pumps  based  on  Jet  A  data. 

One  of  the  objectives  of  the  scavenge  system  is  to  pick  up  liquid  water  from 
the  low  points  of  the  tank  and  to  mix  it  with  Jet  A  as  it  moves  through  the 
jet  pump.  The  water  is  finely  dispersed  in  Jet  A,  thus  minimizing  negative 
effects  of  water  in  the  rest  of  the  fuel  system.  Compatibility  studies  of 
AMK  with  water  (reference  6)  have  shown  a  tendency  of  AMK  to  form  a  stable 
precipitate  when  it  comes  in  contact  with  water  in  liquid  and  vapor  state. 
The  water  compatibility  tests  reported  in  reference  6  show  no  changes  in  AMK 
appearance  or  quality  at  low  concentration  levels,  below  the  solubility 
limit.  However,  it  is  necessary  to  obtain  a  better  understanding  of  the 
interaction  between  water  and/or  precipitate  with  the  various  fuel  system 
components. 

The  objectives  of  this  investigation  were  established  as  follows.  (1)  To 
determine  the  performance  of  jet  pumps  with  AMK  fuel  at  ambient  and  low 
temperatures.  (2)  To  investigate  techniques  to  improve  the  performance  of 
jet  pumps  with  AMK  fuel.  (3)  To  evaluate  the  effect  of  water  ingestion  by 
jet  pumps  on  both  the  physical  characteristics  of  the  AMK  fuel  and  on  the 
performance  of  the  pump. 
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APPARATUS  AND  INSTRUHENTION 


Two  different  facilities  were  used  to  determine  the  performance  of  jet  pumps 
with  Jet  A  and  AMK  fuels.  During  most  of  the  effort,  ICI  batch  blended  AMK 
was  used.  Limited  tests  with  inline  blended  AMK  were  also  performed  during 
a  performance  improvement  study.  A  high  pressure,  motive  flow  facility  was 
designed  and  assembled.  A  schematic  diagram  of  this  facility  is  shown  in 
figure  2.  A  picture  of  the  hardware  components  is  shown  in  figure  3.  The 
motive  flow  is  supplied  from  a  pressurized  tank.  The  induced  flow  is  drawn 
from  a  three-level  tank  designed  to  maintain  a  constant  pressure  head.  The 
total  flow  line  has  a  siphon  arrangement  in  order  to  maintain  a  constant 
delivery  pressure.  The  induced  flow  supply  tank  and  the  total  flow 
collecting  tank  were  mounted  on  load  cells  in  order  to  measure  their 
respective  flow  rates.  Measurements  were  also  made  of  the  motive  flow,  tank 
pressure  and  the  suction  pressure  (Pj-Pt)  by  means  of  a  strain  gauge 
transducer  and  a  manometer,  respectively  (see  figure  2  and  4  for  pressure 
and  mass  flow  nomenclature).  The  output  of  the  load  cells  and  motive  flow, 
tank  pressure  transducer  were  recorded  by  a  minicomputer  based  data  acquisi¬ 
tion  system.  The  minicomputer  software  was  designed  to  acquire  data  for  one 
minute  and  to  process  the  data  to  give  the  mean  values  and  rate  of  change 
with  time  of  the  measured  quantities.  The  suction  pressure  was  recorded 
manual ly. 

The  instrumentation  and  data  acquisition  technique  in  the  high  pressure, 
motive  flow  facility  were  modified  at  the  initiation  of  the  performance 
improvement  study  because  the  data  acquisition  computer  was  not  available. 
In  these  tests,  the  suction  pressure  was  measured  with  a  strain  gauge 
transducer.  The  suction  pressure  and  motive  flow  pressure  were  recorded 
manually.  The  induced  and  total  flow  rates  were  obtained  by  means  of  a 
strip  chart  recorder. 

Calibration  data  for  the  flow  rate  measurements  were  obtained  prior  to  each 
set  of  tests  on  both  configurations.  A  10-second  settling  time  was  allowed 
between  the  start-up  of  the  facility  and  the  initiation  of  the  data  acquisi¬ 
tion  in  order  to  minimize  transient  measurement  noise. 

A  second  facility  was  used  to  determine  the  jet  pump  performance  at  ambient 
and  low  fuel  temperatures.  A  schematic  diagram  of  the  facility  is  shown  in 
figure  4.  The  motive  and  induced  flows  were  drawn  from  the  same  tank.  The 
temperature  in  the  tank  could  be  lowered  to  -50°C.  A  DC-10  boost  pump  was 
used  to  supply  the  motive  flow.  After  going  through  the  jet  pump,  the 
flow  was  collected  in  the  total  flow  tank,  where  a  load  cell  was  used  to 
measure  the  total  flow  rate.  The  motive  flow  pressure  and  the  suction 
pressure  were  measured  by  strain  gauge  type  transducers.  The  motive, 
induced,  and  total  flow  temperatures  were  measured  with  thermocouples.  The 
computer  based,  data  acquisition  system  was  used  to  control  the  fuel  cooling 
process  in  the  supply  tank.  This  system  was  also  used  for  data  acquisi¬ 
tion  and  reduction.  The  typical  running  time  of  the  facility  was  one  minute. 
A  sketch  of  the  jet  pump  as  installed  in  this  facility  is  shown  in  figure  5. 

AMK  fuel  samples  were  taken  at  different  operating  conditions  of  the  jet 
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FIGURE  2,  HIGH  PRESSURE  DRIVEN  FACILITY  SCHEMATIC 


FIGURE  3.  HIGH  PRESSURE  DRIVEN  FACILITY.  HARDWARE  ELEMENTS. 
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FIGURE  A.  BOOST  PUMP  DRIVEN  FACILITY  SCHEMATIC 


FIGURE  5.  BOOST  PUMP  DRIVEN  FACILITY 
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FIGURE  6.  LOCATION  OF  FUEL  SAMPLES 
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FIGURE  7.  WATER  INJECTION  TECHNIQUE 
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FIGURE  9.  DIAGRAM  SHOWING  THE  LOCATION  OP  THE  SURFACE  PRESSURE  TAPS 
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FIGURE  10.  GLASS  JET  PUMPS  DIMENSIONS. 


FIGURE  1 1 .  GLASS  JET  PUMPS 


pump.  In  the  high-pressure,  motive  flow  facility,  the  samples  were  obtained 
directly  from  the  total  flow  line.  In  the  boost  pump  configuration,  samples 
wcr-  obtained  at  the  locations  shown  in  figure  6.  As  indicated  in  this 
figure,  the  AMK  fuel  quality  was  monitored  in  the  supply  tank.  This  was 
necessary  because  the  boost  pump  cooling  flow  was  allowed  to  mix  with  the 
rest  of  the  fuel  in  the  tank,  thus,  some  degradation  was  expected. 

The  water  tests  were  conducted  in  the  high-pressure,  motive  flow  facility. 
For  these  tests  a  small  syringe  was  added  to  the  induced  flow  line  as  close 
to  the  tank  as  physically  possible,  as  indicated  in  figure  7.  Approximately 
50  cc  of  water  was  added  to  the  syringe.  The  water  and  fuel  pressure  head 
on  the  induced  flow  line  were  as  close  as  possible.  The  tests  were  initi¬ 
ated  by  setting  a  specified  flow  condition  on  the  jet  pump.  After  the  flow 
had  been  established,  the  water  valve  was  opened,  and  the  physical  appear¬ 
ance  of  the  AMK  was  observed  in  the  induced  flow  and  total  flow  lines. 
Samples  were  obtained  of  the  total  flow  during  these  tests. 

Most  tests  were  done  on  J.  C.  Carter  60103-5  jet  pumps  as  shown  in  figure  8. 
These  are  the  jet  pumps  used  in  the  LlOll  aircraft  fuel  system.  Similar 
pumps  have  been  tested  in  other  investigations  (references  4,5).  This  pump 
has  a  priming  disc  installed  at  the  exit  plane  for  self-priming.  The 
operation  of  ^  self-priming  jet  pump  with  AMK  fuel  had  not  been  tested 
before.  The  priming  disc  results  in  some  performance  loss  with  Jet  A 
compared  to  the  performance  without  the  disc.  Surface  pressure  measure¬ 
ments  were  conducted  on  this  pump.  The  location  of  the  pressure  tap  are 
shown  in  figure  9.  A  single  pressure  transducer  was  used  for  these  measure¬ 
ments.  The  different  lines  were  multiplexed  manually, 

Two  other  jet  pumps  were  tested  during  the  performance  improvement  study. 
Both  pumps  have  the  same  geometrical  dimension  except  for  the  motive  flow 
orifice  diameter  as  shown  in  figure  10.  Configuration  1  has  0.09  inch 
orifice  diameter  and  Configuration  2  has  0.12  inch  orifice  diameter.  Both 
jet  pumps  were  made  out  of  glass  in  order  to  conduct  a  flow  visualization 
study.  A  photograph  of  both  glass  jet  pumps  is  presented  in  figure  11. 

Limited  performance  improvement  studies  were  also  performed  on  Allen 
Aircraft  Products  Inc.  jet  pump  model  68E108  supplied  to  JPL  by  the  Boeing 
Aircraft  Company.  Both  batch  and  inline  blended  fuel'  were  used  during  this 
investigation. 


RESULTS 


Jet  Pump  Performance 

The  measured  performance  of  J.  C.  Carter  60103-5  pump  is  presented  in  figure 
12.  The  results  concerning  the  suction  pressure  (Pj-Pi)  as  a  function  of 
the  total  volume  flow  rate  are  presented  in  this  figure  for  both  Jet  A  and 
AMK.  The  results  obtained  in  both  facilities  and  at  low  temperature  (-40*^0) 
are  shown.  The  motive  flow  pressure  was  29  +1  psig  and  was  kept  constant 
throughout  these  tests.  The  measured  motive  flow  rate  was  0.9  GPM  with  Jet 
A  and  0.8  GPM  with  AMK.  Thus  a  reduction  of  approximately  10  percent  was 
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FIGURE  12.  J.  C.  CARTER  #60103-5  JET  PUMP  PERFORMANCE 
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TABLE  3.  AKK  DEGRADATION  RESULTS.  BOOST  PUMP  DRIVEN  PRIMARY  FLOW 
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measured  in  the  motive  flow  with  ANK  as  compared  with  Jet  A  at  the  same 
supply  pressure. 

The  results  presented  in  figure  12  show  a  significant  reduction  in  the 
performance  with  AMK.  This  reduction  can  be  quantified  by  the  measured 
total  or  induced  flow  rate  at  a  suction  pressure  of  2  psi.  This  suction 
pressure  is  a  typical  value  encountered  by  jet  pumps  during  operation 
(reference  4).  These  results  are  presented  in  table  1.  The  high  pressure 
driven  primary  flow  gives  significantly  lower  performance  with  AMK  as 
compared  to  Jet  A.  The  performance  improves  in  the  boost  pump  driven 
configuration  particularly  at  low  temperature.  The  results  at  room  temp¬ 
erature  are  in  good  agreement  with  the  results  of  other  investigations 
(references  1,2,4).  Low  temperature  results  were  not  available  in  the 
literature. 

Antimisting  fuel  samples  were  drawn  during  these  tests  in  order  to  determine 
the  degradation  characteristics  of  the  jet  pump.  The  AMK  fuel  samples  were 
evaluated  by  filter  ratio,  cup,  and  flammability  (FCTA)  tests.  These  tests 
and  these  operating  procedures  are  discussed  in  reference  6.  The  results 
for  the  samples  obtained  in  the  high  pressure  driven  primary  flow  are 
presented  in  table  2.  It  is  apparent  that  no  significant  degradation  of  the 
AMK  fuel  is  caused  by  the  pump.  Similar  samples  were  obtained  in  the  boost 
pump  driven  primary  flow  tests.  These  samples  were  characterized  by  filter 
ratio  tests  as  shown  in  table  3.  These  results  show  significant  degradation 
of  the  total  flow  sample  as  compared  to  the  supply  tank  sample.  Further¬ 
more,  the  supply  tank  samples  show  an  increased  degradation  with  time.  This 
degradation  can  be  attributed  to  the  recirculation  of  the  pump  cooling  fuel 
in  the  supply  tank.  Comparison  of  the  results  in  the  high-pressure  driven 
primary  flow  test  and  boost  pump  driven  primary  flow  tests  indicate  that 
the  degradation  in  the  latter  is  entirely  due  to  the  boost  pump. 

Some  observations  were  also  made  of  the  priming  characteristics  of  the  J.  C. 
Carter  60103-5  jet  pump  with  both  Jet  A  and  AMK.  The  pump  successfully 
started  with  both  fuels.  However,  pumping  with  AMK  was  slow  to  start  with 
some  air  bubbles  being  trapped  in  the  lines.  These  bubbles  did  not  impair 
the  operation  of  the  pump.  This  area  was  not  further  investigated  during 
the  course  of  this  investigation. 

Surface  Pressure  and  Flow  Visual izetion 

Several  tests  were  conducted  in  order  to  determine  the  origin  of  the 
decreased  performance  of  jet  pumps  with  AMK  as  well  as  to  propose  design 
changes  in  order  to  improve  it.  Surface  pressure  measurements  (P)  were 
conducted  on  the  J.  C.  Carter  60103-5  jet  pump  in  the  high  pressure  driven 
facility.  The  results  are  presented  in  figure  13  for  both  Jet  A  and  AMK. 
Location  of  pressure  taps  are  shown  in  figure  9.  The  measurements  were 
obtained  at  a  motive  flow  pressure  of  30  psi  and  suction  pressures  (Pj-Pt) 
of  1.45  psi  and  1.33  r-i  for  the  Je^  A  and  AMK  tests,  respectively.  In  the 
results  presented  in  i  igure  13,  the  local  pressure  has  been  normalized  with 
the  suction  pressure.  The  minimum  surface  pressure  is  found  at  the  entrance 
of  the  constant  area  section  of  the  pump.  This  peak  is  50  percent  of 
the  suction  pressure  with  Jet  A  and  only  10  percent  with  AMK.  This 
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FIGURE  16.  GLASS  JET  PUMP  NUMBER  2  WITH  0.3  FM9  (RMH  1-240) 


reduction  of  the  minimum  pressure  with  /WK  is  accompanied  by  a  significantly 
lower  pressure  gradient  throughout  the  entire  jet  pump. 

The  performance  curves  of  the  two  glass  jet  pumps  and  J.  C.  Carter  60103-5 
are  presented  in  figure  14.  The  glass  jet  pump  with  a  0.09  inch  orifice 
diameter  failed  to  provide  any  suction  with  AMK.  Comparison  of  AMK  perform- 
Lance  curves  of  J.  C.  Carter  60103-5  and  configuration  2  with  orifice 
diameter  of  0.12  inch  show  a  significant  Increase  of  the  total  and  induced 
flow  rates.  At  a  delivery  pressure  of  2  psi,  configuration  2  has  a  136 
percent  increased  total  flow  rate  and  112  percent  Increased  induced  flow. 
However,  these  increased  flow  rates  are  obtained  in  part  due  to  a  signif¬ 
icantly  larger  motive  flow  rate  (147  percent  higher).  Both  pumps  have 
comparable  efficiencies  of  2.7  percent  and  3.1  percent  at  a  delivery 
pressure  of  2  psi  for  configuration  2  and  J.  C.  Carter  60130-5  pumps, 
"respectively.  The  efficiencies  of  these  pumps  with  Jet  A  at  the  same 
delivery  pressure  are  11.9  percent  for  the  J.  C.  Carter  pump  and  7.1 
percent  for  configuration  2. 

To  further  understand  the  mixing  in  a  jet  pump,  flow  pictures  were  obtained 
with  both  Jet  A  and  AMK  in  the  glass  jet  pump  (configuration  2).  These 
pictures  are  presented  in  figures  15  and  16  for  Jet  A  and  AMK,  respectively. 
Careful  comparison  between  these  two  pictures  show  that  while  with  Jet  A  the 
dyed  fluid  covers  the  entire  cross-section  somewhere  in  the  middle  of 
the  constant  area  section,  with  AMK  the  dyed  fluid  does  not  fill  the  entire 
cross-section  within  the  length  of  the  pump.  Turbulent  mixing,  therefore, 
is  suppressed  by  the  non-Newtonian  properties  of  AMK  fuel.  This  lack  of 
mixing  results  in  a  reduced  surface  pressure  gradient  as  shown  in  figure  13 
and  consequently  in  a  reduced  suction  and  Induced  flow  rate  for  a  fixed 
length  pump  as  indicated  in  figure  12. 

Hater  Ingestion 

Water  dissolution  tests  have  been  completed  with  batch  blended  AMK.  A  known 
water  flow  rate  was  introduced  in  the  Induced  AMK  flow  line.  Visual 
observations  cf  the  flow-field  were  conducted  as  the  AMK-water  mixture 
passed  through  the  pump.  Filter  ratio  tests  were  performed  on  the  AMK  fuel 
■prior  to  the  test  and  on  a  total  flow  sample. 

For  this  test  the  J.  C.  Carter  #60103  pump  was  operated  at  an  induced  flow 
rate  of  0.5  GPM  and  a  total  flow  rate  of  1.5  6PM.  The  water  flow  rate  was  2 
cc/s,  which  gives  water  concentrations  of  6.3  percent  and  2.1  percent  on  the 
Induced  flow  and  total  flow  lines,  respectively.  Even  though  the  concen¬ 
tration  in  the  induced  flow  line  was  three  times  higher  than  in  the  total 
flow  line,  the  water  remained  in  the  form  of  small  droplets  of  a  few 
millimeters  in  diameter.  In  the  total  flow  line,  however,  phase  separation 
was  observed  (white  precipitate).  The  precipitate  did  not  impair  the 
operation  of  the  pump.  It  did  deposit  on  the  total  flow  pipe  internal 
surface  and  was  carried  into  the  collecting  tank.  A  sample  was  drawn  from 
the  collecting  tank.  After  the  precipitate  had  settled,  a  filter  ratio  of 
41.6  was  measured  on  the  clear  fuel.  The  pre-test  AMK  (RMH-1-240)  had  a 
filter  ratio  of  38,5.  After  the  filter  ratio  test  was  completed,  the  filter 


24 


4' 

=  TOTAL  MASS  FLOW  RATE 

S 

°  PRIAMOtY  MASS  FLOW  RATE 

JET  PUMP  (  ^ 

JET-A 

ALLEN  AIRCft^  (  ▲ 

lATCH  ILENDED  AMK(RMH- 1-240) 

PRODUCTS  1  ^ 

(  0 

AMK-tNUNE  MJENOED  16-95 

FIGURE  17.  JET  PUMP  PERFORMANCE 


=  TOTAL  MASS  FLOW  RATE 
mp  =  PRIMARY  MASS  FLOW  RATE 


JET-PUMP  (A JET  A 

ALLEN  T  AIRCRAFT  (▲  BATCH  BUNDED  AM K(RMH- 1-240) 


FIGURE  18.  IMPROVEMENT  IN  JET  PUMP  PERFORMANCE 


used  was  Inspected  to  determine  the  presence  of  precipitate.  No  precipitate 
was  observed. 

These  observations  are  in  complete  agreement  with  those  reported  in 
reference  6.  Thus,  if  pools  of  water  are  formed  at  the  low  points  of  an 
aircraft  fuel  tank,  the  Jet  pumps  in  the  scavenge  system  will  provide  the 
necessary  mixing  (agitation)  for  the  formation  of  precipitate.  Fire 
protection  of  this  AMK-water  mixture  is  not  reduced  as  also  reported  in 
reference  1  (FR  -  41.6).  However,  as  discussed  in  reference  6,  the  effect 
of  precipitate  on  other  aircraft  fuel  system  components  needs  to  be 
determined. 

Performance  Improvement  Study 

As  suggested  by  the  Jet  pump  flow  visualization  study,  improvement  in 
turbulent  mixing  with  AMK  was  attained  by  Increasing  the  length  of  constant 
area  mixing  chamber.  The  study  was  performed  on  aircraft  Jet  pump  manu¬ 
factured  by  Allen  Aircraft  Products  Inc.  (Model  68E108).  FJgure  17  shows 
the  induced  pressure  Pj-Pi  as  a  function  of  mass  flow  ratio  mj/dip  for  Jet  A 
and  AMK  where  m]-  is  the  total  mass  flow  rate  through  the  Jet  pump  and  mp  is 
the  primary  motive  flow  rate  which  was  kept  constant  throughout  this 
experiment.  These  tests  were  performed  in  the  facility  shown  in  figure  3. 
Both  batch  blended  and  inline  blended  fuel  data  are  shown.  Jet  pump 
performance  with  inline  blended  fuel  using  JCK  16-95  slurry  was  poorer  as 
compared  to  batch  blended  material.  This  was  expected  because  of  superior 
quality  of  JCK  16-95  blend  (i.e.,  cup  -  1.8/filter  ratio  •  85)  as  compared 
to  batch  blended  RMH-1-240  (i.e.,  cup  -  3.2/f11ter  ratio  35).  The  results 
obtained  with  modified  mixing  chamber  to  Improve  Jet  pump  performance  are 
shown  in  figure  18.  The  length  of  the  constant  area  mixing  chamber  was 
doubled  from  1.0  inch  to  2.0  inch  without  changing  the  primary  nozzle  and 
mixing  chamber  diffuser  geometry.  It  is  evident  from  results  shown  in 
figure  18,  a  15  percent  improvement  in  AMK  mass  flow  transfer  rate  was 
observed  at  a  suction  pressure  of  2  psi.  During  this  investigation, 
however,  no  effort  was  made  to  optimize  the  geometry  to  obtain  best  Jet  pump 
performance. 


DISCUSSION 

The  results  of  these  tests  show  a  significant  performance  deterioration  of 
typical  fuel  system  Jet  pumps  with  AMK  fuel  as  compared  with  Jet  A  fuel. 
The  maximum  suction  pressure,  the  total  flow  rate,  and  induced  flow  rate  are 
all  reduced  with  AMK.  When  degradation  of  the  motive  flow  is  avoided,  the 
induced  and  total  flow  rate  are  reduced  by  52  percent  and  35  percent, 
respectively.  These  tests,  however,  are  not  realistic  in  that  in  an 
aircraft  fuel  system  the  motive  flow  is  obtained  from  the  high  pressure 
output  of  a  pump  which  results  in  some  degradation  of  the  AMK  fuel.  Under 
these  conditions  the  tests  show  a  somewhat  better  performance.  Comparison 
of  the  boost  pump  driven  motive  flow  results  between  AMK  and  Jet  A  show 
reduction  of  32  percent  and  23  percent  for  the  induced  and  total  flow, 
respectively.  Furthermore,  in  a  typical  flight  the  fuel  temperature  is 
frequently  below  ambient.  Tests  show  an  additional  improvement  of  the  pump 
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performance  at  low  temperature.  The  performance  reduction  can  be  as  low  as 
25  percent  and  20  percent  at  -40OC  in  the  boost  pump  driven  motive  flow 
configuration  for  AMK  as  compared  with  Jet  A. 

The  performance  reduction  with  AMK  fuel  is  due  to  the  suppression  of 
turbulent  mixing  within  the  pump  and  the  reduced  motive  flow.  The  flow 
visualization  picture  presented  in  figure  16  clearly  shows  a  typical  laminar 
jet  behavior.  The  implication  of  this  observation  is  two-fold.  On  the  one 
hand  the  fuel  does  not  encounter  the  high  shear  rates  typical  of  a  turbulent 
flow.  Therefore,  little  degradation  can  be  expected.  On  the  other  hand, 
the  reduced  rate  of  mixing  results  in  a  low  pressure  gradient  within  the 
constant  area  section  of  the  pump  as  shown  by  the  surface  pressure  measure¬ 
ments  in  figure  13.  Consequently,  for  a  fixed  length  pump,  the  peak 
pressure  in  the  pump  is  reduced.  An  Increased  length  of  the  pump  will 
therefore  result  in  a  performance  improvement  as  confirmed  by  the  results 
presented  in  figure  18.  The  surface  pressure  distribution  results  further 
suggest  that  in  order  to  achieve  a  peak  pressure  with  AMK  comparable  to  the 
value  found  with  Jet  A,  the  length  of  the  constant  area  section  of  the  pump 
should  be  increased  by  a  factor  of  four.  Based  on  this  result,  a  mixing 
chamber  length  -  to -diameter  ratio  of  the  order  of  20  is  proposed  for 
undegraded  AMK  fuel  as  opposed  to  the  value  of  5  to  6  used  in  current  jet 
pump  designs. 

However,  if  the  proposed  increased  length  of  the  jet  pump  necessary  to 
improve  its  efficiency  is  not  acceptable  from  a  fuel  systems  point  of  view, 
a  second  alternative  is  to  continue  using  current  Jet  A  designs  but  with 
larger  size  in  order  to  upgrade  their  performance  with  AMK  fuel.  This 
appears  to  be  a  better  approach  since  the  efficiency  of  Jet  pump  motive  flow 
with  AMK  is  only  8-10  percent  lower  than  with  Jet  A  under  realistic  aircraft 
fuel  system  conditions  and  at  low  temperatures.  In  considering  the  actual 
size  increase  necessary  to  satisfy  a  specific  application,  Jet  A  data  can  be 
used  with  the  following  revisions:  (1)  the  motive  rate  with  AMK  is  reduced 
by  10  percent,  and  (2)  the  efficiency  of  the  pump  with  AMK  is  reduced  by  30 
percent  below  Jet  A  values.  These  figures  are  supported  by  the  test 
reported  here  as  well  as  those  reported  in  reference  4.  They  should  be  used 
as  a  first  estimate  for  jet  pump  sizing  and  to  compute  overall  system 
performance  loss  due  to  increased  motive  flow  rate. 

The  priming  characteristics  of  jet  pumps  with  AMK  fuel  are  also  deteriorated 
as  compared  with  Jet  A.  However,  standard  techniques  used  with  Jet  A  are 
also  useful  with  AMK,  for  example,  a  priming  disc.  As  shown  by  our  flow 
pictures,  gel  formation  with  AMK  fuel  greatly  reduces  the  flow  rate  back 
into  the  induced  flow  line.  Thus,  a  somewhat  slower  priming  process  occurs. 
Even  with  Jet  A,  priming  problems  can  be  encountered  depending  on  jet  pumps 
and  system  design.  Somewhat  more  severe  conditions  can  be  expected  with 
AMK.  However,  similar  techniques  as  used  with  Jet  A  can  be  used  to  circum¬ 
vent  these  problems  with  AMK  fuel. 

Water  ingestion  tests  with  the  jet  pump  confirmed  the  findings  reported  in 
reference  6.  Water  droplets  in  the  induced  flow  line  did  not  result  in 
significant  precipitate  formation.  It  is  the  mixing  of  those  droplets  at  a 
small  scale  that  causes  the  formation  of  precipitate.  The  long  term 
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accumulation  of  precipitate  and  its  effect  on  other  fuel  system  components 
may  be  cause  of  concern.  The  operation  of  the  jet  pump  is  not  influenced  by 
precipitate  formation. 


CONCLUDING  RENARKS 

1.  Jet  pump  performance  with  undegraded  AMK  fuel  is  significantly  reduced 
as  compared  with  Jet  A  values.  The  performance  reduction  is  52  percent  for 
the  induced  flow  rate  and  35  percent  for  the  total  flow  rate,  both  at  a 
delivery  pressure  of  2  psi. 

2.  Partially  degraded  motive  flow  typical  of  boost  pump  output  results  in 
an  improved  performance.  Comparison  with  Jet  A  gives  a  reduction  of  32 
percent  and  23  percent  for  the  induced  and  total  flow,  respectively,  at  the 
same  delivery  pressure. 

3.  The  performance  of  the  pump  with  AMK  at  low  temperature  is  better  than 
at  room  temperature.  Comparison  with  Jet  A  gives  a  reduction  of  25  percent 
and  20  percent  for  the  induced  and  total  flow,  respectively,  at  2  psi  and 
-40OC. 


4.  Flow  visualization  and  surface  pressure  measurements  showed  signif¬ 
icantly  reduced  turbulent  mixing  with  AMK  fuel.  Based  on  these  measure¬ 
ments,  it  is  estimated  that  a  mixing  chamber  length  to  diameter  ratio  of  the 
order  of  20  should  be  used  with  AMK  instead  of  the  value  of  5  to  6  used  for 
pumps  designed  for  Jet  A  fuel.  This  value  may  be  reduced  if  the  effect  of 
partially  degraded  motive  flow  is  taken  into  account.  Preliminary  tests 
showed  15  percent  improvemer  in  AMK  jet  pump  transfer  rate  when  the 
constant  area  mixing  chamber  length  was  doubled. 

5.  Larger  jet  pumps  designed  to  operate  with  Jet  A  can  also  be  used  to 
compensate  for  loss  of  performance  with  AMK.  Performance  characteristics 
obtained  for  Jet  A  can  be  used  in  sizing  the  pump  by  using  a  10  percent 
reduction  of  the  motive  flow  and  a  30  percent  reduction  of  the  efficiency. 
These  are  typical  values  based  on  the  results  presented  here  and  in 
reference  4. 

6.  Priming  of  jet  pumps  with  AMK  fuel  is  somewhat  more  sluggish  than  with 
Jet  A.  The  techniques  used  to  avoid  priming  problems  with  Jet  A  also  apply 
to  AMK  fuel . 

7.  Water  compatibility  is  a  challenging  aspect  of  FM-9  AMK  fuel.  Results 
show  that  large  amounts  of  bulk  water  can  be  in  contact  with  AMK  without 
formation  of  precipitate  (emulsion).  As  soon  as  this  mixture  moves  through 
the  jet  pump,  large  amounts  of  precipitate  are  formed.  This  formation  of 
precipitate  does  not  Influence  the  operation  of  the  pump  or  reduce  the 
antimisting  quality  of  the  fuel. 
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